The addition of the potassium salt of (R)-4-phenyl-2-oxazolidinone to dialkyl alkylidenemalonates under various conditions is reported. Very good diastereoselectivities (> 90% de) were obtained in several cases. Conversion of one of the adducts to the β-amino acid (S)-β-leucine was achieved in two straightforward steps.
Introduction
β-Amino acids are components or precursors of many bioactive substances and thus methods for their asymmetric synthesis have been developed using various strategies. [1] [2] [3] Among these, approaches involving an aza-Michael reaction have often been used. In this process, the asymmetric induction may come either from a chiral nitrogen nucleophile, [4] [5] [6] or from a chiral conjugate electrophile, [7] [8] [9] [10] [11] or from a chiral ligand, employed either stoichiometrically 12, 13 or catalytically. The major diastereoisomer of adduct 3h, obtained from (R)-4-phenyl-2-oxazolidinone and dimethyl benzylidenemalonate was isolated by crystallization and single crystal X-ray diffraction studies established the configuration of the newly created stereogenic center as S (Figure 1 ). Adducts 3 are potential precursors to the corresponding β-amino acids, and it is worthy of note that oxazolidinone esters have been previously used as intermediates in the stereoselective syntheses of β-amino acids. 24, 25 The two steps needed to obtain a β-amino acid from an adduct 3 are firstly the conversion of the diester moiety to a single carboxylic acid via an acidic hydrolysis followed by a decarboxylation, and secondly the cleavage of the oxazolidinone moiety leading to an amine function.
As an example of such transformation, compound 3e was efficiently converted to the β-amino acid 5 in two steps. Thus, 3e was first heated in 6 N HCl for 15 h at 100 °C, 26 leading to the acid 4 in 53% yield, after two recrystallizations from diethyl ether. It should be noted that an attempt to hydrolyze the ester functions under basic conditions (LiOH, THF/H 2 O) resulted in retroaddition leading to oxazolidinone 1. The cleavage of the oxazolidinone ring was then cleanly realized by treating 4 with lithium in liquid ammonia, 27, 28 affording 3-amino-4-methylpentanoic acid (β-leucine, 5) in 77% yield.
The specific rotations reported for various samples of β-leucine have been recently compiled. A postulated 8-membered transition state leading to the observed major isomer is indicated in the Scheme 3. It involves an attack on the Re face of the electrophile. The side chain group of the alkylidenemalonate is in a pseudo-equatorial position, which takes into account the fact that the selectivity was enhanced as the side chain group was bulkier. Similar transition states have been postulated for reactions of oxazolidinone anions with other electrophiles.
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Conclusions
In summary, the potassium salt of (R)-4-phenyl-2-oxazolidinone reacts with dialkyl alkylidenemalonates to afford the corresponding conjugate addition products. The diastereoselectivity of the reaction was better for electrophiles having more sterically demanding side chain groups, and diastereomeric excesses of 90% or more were obtained in several cases; although an electrophile bearing a bulky tert-butyl side chain was unreactive. The adduct obtained from the reaction involving dimethyl 2-(2-methylpropylidene)malonate was converted in two steps to the amino acid (S)-β-leucine, thus showing that the method permits a valuable enantioselective synthesis of the biologically important β-amino acids.
Experimental Section
General. C NMR. IR spectra were recorded on a Perkin Elmer System 2000 FT-IR (liquid films or KBr pellets for solids). MS were recorded on a Mariner ESI TOF (Perseptive Biosystems) mass spectrometer. Mps were determined on a Büchi B-540 apparatus. HRMS were performed at the Service de Spectrométrie de Masse, ICSN, CNRS, Gif-sur-Yvette. Chromatographies were carried out using a CombiFlash system (Teledyne ISCO). TLCs were developed on silica gel 60F 254 plates, with detection by UV light and by an ethanol solution of phosphomolybdic acid. THF was freshly distilled on sodiumbenzophenone.
General procedure for the conjugate addition of (R)-4-phenyl-2-oxazolidinone to dialkyl alkylidenemalonates. (R)-4-Phenyloxazolidin-2-one (1.0 mmol) and potassium tert-butoxide (1.0 mmol), were placed in a flask under argon atmosphere, cooled at 0 °C. THF (8 mL) was added and the white suspension obtained was stirred at 0 °C for 30 min and then cooled to -78 °C. A solution of the dialkyl alkylidenemalonate 2 (1.0 mmol) in THF (2 mL) cooled at 0 °C was added slowly and then the reaction mixture was stirred at -78 °C for 1-6 h. A saturated aqueous NH 4 Cl solution (5 mL) was added. The aqueous phase was extracted with diethyl ether (3 × 10 mL). The combined organic layers were washed with brine (10 mL), dried (MgSO 4 ), filtered and concentrated under vacuum. The residue obtained was then purified by silica gel chromatography (cyclohexane/EtOAc) to afford the adduct 3.
Diethyl 2-{1-[(R)-2-oxo-4-phenyloxazolidin-3-yl]ethyl}malonate (3a)
. This compound was obtained by the General Procedure (see Table 1 
Dimethyl 2-{1-[(R)-2-oxo-4-phenyloxazolidin-3-yl]propyl}malonate (3b).
This compound was obtained by the General Procedure (see Table 1 
Dimethyl
2-{3-methyl-1-[(R)-2-oxo-4-phenyloxazolidin-3-yl]butyl}malonate (3d).
Dimethyl 2-{2-methyl-1-[(R)-2-oxo-4-phenyloxazolidin-3-yl]propyl}malonate (3e).
Dimethyl 2-{cyclohexyl[(R)-2-oxo-4-phenyloxazolidin-3-yl]methyl}malonate (3g).
Dimethyl
2-{[(R)-2-oxo-4-phenyloxazolidin-3-yl](phenyl)methyl}malonate (3h).
(S)-4-Methyl-3-{(R)-2-oxo-4-phenyloxazolidin-3-yl}pentanoic acid (4).
An aqueous solution of 6 N HCl (7.5 mL) was added to dimethyl 2-{2-methyl-1-[(R)-2-oxo-4-phenyloxazolidin-3-yl]-propyl}malonate (3e) (459 mg, 1.31 mmol). The reaction mixture was heated at 100 °C for 15 h. After cooling to room temperature, the aqueous phase was extracted with methylene chloride (3 × 10 mL). The combined organic phases were washed with water (2 × 5 mL), dried (MgSO 4 ), filtered and concentrated under vacuum afforded 294 mg of crude compound. After two recrystallizations the carboxylic acid 4 was obtained as colorless crystals (198 mg 
(S)-3-Amino-4-methylpentanoic acid (5).
A solution of 4-methyl-3-((R)-2-oxo-4-phenyloxazolidin-3-yl)pentanoic acid (4) (51.2 mg, 0.185 mmol) in THF (6.5 mL) and t-BuOH (0.185 mL) was cooled under argon at 0 °C. Lithium (13.2 mg, 10 equiv) was placed under argon in another flask equipped with a dry-ice condenser. After cooling at -78 °C, NH 3 (13 mL) was flushed in. After 10 min, the solution of oxazolidinone 4 was added dropwise to the deep blue solution obtained. After stirring at -78 °C for 30 min, powdered NH 4 Cl (0.17 g) was added. The flask was allowed to warm to room temperature under a stream of nitrogen, which facilitated the elimination of ammonia. After concentration under vacuum, the residue obtained was purified using a DOWEX 50WX42400 ion-exchange resin washed before-hand with water. The resin was eluted successively with water, then 0. Crystallography. The data were collected at 150(2) K on a Nonius Kappa-CCD area detector diffractometer 31 using graphite-monochromated Mo-Ka radiation (λ 0.71073 Å), and they were processed with HKL2000.
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No absorption correction was done. The structure was solved by direct methods with SHELXS-97 and refined by full-matrix least-squares on F 2 with SHELXL-97.
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All non-hydrogen atoms were refined with anisotropic displacement parameters. In the absence of a suitable anomalous scatterer, the Friedel pairs have been merged, the absolute configuration of the unknown chiral centre being deduced from that of the known one. Crystal data for 3h (major isomer): C 21 H 21 NO 6 , M = 383.39, orthorhombic, space group P2 1 . CCDC-990814 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
